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[57] ABSTRACT 
An optical measuring apparatus for measuring physical 
quantity which has a frequency by applying an optical 
sensor which modulates intensity ofthe light according 
to the physical quantity, wherein malfunctions in the 

- APT‘ 35- I990 UPI 311W" -------------------------------- 4- 2_107477 apparatus itself. concretely. in a condenser. an AC am 

‘ pli?er and a divider as well as in an optical transmitter. 
[2i] """""""""""""""" an optical ?ber. an optical sensor. an optical receiver 
I "1 ' ‘ ‘ """"""""""""""" " ’ "zsov'zz‘l 1‘ and a DC ampli?er can be self-checked by superimpos 

. ' ‘ ‘ ing an AC ofa frequency higher than the frequency of 
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OPTICAL MEASUREMENT DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an optical measuring appara 

tus which measures physical quantity by employing an 
optical sensor that modulates intensity of light passing 
therethrough. 

2. Description of Related Art 
FIG. 1 is a block diagram to illustrate by way of 

example construction of a conventional optical measur 
ing apparatus which was disclosed in the Japanese Util 
ity Model Application Laid Open No. til-1257830986). 
In FIG. 1. reference numeral 1 designates an optical 
transmitter which is driven by a direct current (DC) 
and supplies light to an optical sensor 3. The optical 
sensor 3. whose optical characteristics were changed 
according to physical quantity of an object of measure 
ment connected via an optical ?ber 2 to the optical 
transmitter l. and modulates intensity of the light sup 
plied from the optical transmitter 1 according to Pock 
els effect of Faraday effect. An optical receiver 5 which 
is connected via an optical ?ber 4 to the optical sensor 
3 receives the light from the optical sensor 3 and con 
verts this to quantity of electricity. A condenser 6 
which is connected to the optical receiver 5 removes a 
DC component included in output of the optical re 
ceiver 5. A DC ampli?er 7 which is connected to the 
optical receiver 5 ampli?es the DC component alone ' 
which is included in the output ofthe optical receiver 5. 
An AC ampli?er 8 which is connected via the con 
denser 6 to the optical receiver 5 ampli?es output of the 
condenser 6. A divider 9 which is connected to both of 
the DC ampli?er 7 and AC ampli?er 8 divides output of ‘ 
the AC ampli?er 8 by output ofthe DC ampli?er 7. A 
comparator 10 which is connected to the DC ampli?er 
7 compares the output of the DC ampli?er 7 with a 
speci?ed value. The comparator 10 is connected to a 
display unit 11. which displays output of the compara 
tor 10. 
Now will be described below functional operation of 

the conventional optical measuring apparatus shown in 
FIG. 1. Light Pi which was driven with the DC current 
by the optical transmitter l and transmitted via the 
optical ?ber 2 to the optical sensor 3. in which intensity 
of this light is modulated according to the physical 
quantity ofthe object of measurement. Intensity oflight 
P0 modulated by the optical sensor 3 is obtained from 
the following formula. 

In this formula. k-Pi designates the average intensity 
of the light to be received by the optical receiver 5. so 
does m a modulation factor ofthe light whose intensity 
was modulated according to the physical quantity W of 
the object of measurement, then. there can be estab 
lished the following formula: 

in: W~sin (217/?) (2) 

The light Po whose intensity was modulated by the 
optical sensor 3 is transmitted via the optical ?ber 4 to 
the optical receiver 5 and is converted to an electric 
signal. For output of the optical receiver 5. the DC 
ampli?er 7 ampli?es a DC component alone and the AC 
ampli?er 8 ampli?es an AC component alone, respec 
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2 
tively. Output of DC ampli?er 7 Vdc and output of AC 
ampli?er 8 Vac are to be given from the following 
formulas. where 51 is a coef?cient given by multiplying 
a photoelectric conversion coef?cient of the optical 
receiver 5 by an ampli?cation rate of the DC ampli?er 
7. and s3 is a coef?cient given by multiplying the photo 
electric conversion coef?cient of the optical receiver 5 
by an ampli?cation rate of the AC ampli?er 8. 

When the output Vac ofthe AC ampli?er 8 is divided 
by the output Vdc ofthe DC ampli?er 7 by the divider 
9. a signal V0 to be outputted to divider 9 is obtained 
from the following formula: 

(5) 

The signal V0 depends only on the physical quantity 
of the object of measurement but not on the average 
intensity k-Pi of the light to be received by the optical 
receiver 5. accordingly. it is possible to measure the 
physical quantity with great accuracy. 
The comparator 10 always monitors whether the 

level of the output of the DC ampli?er 7 is below the 
speci?ed value or not. and where not. the comparator 
10 supplies its output to the display unit 11 to give an 
alarm. The value of the output of the DC ampli?er 7 
Vdc is in proportion to the average intensity ofthe light 
to be received by the optical receiver 5. so that the 
above monitoring enables the optical transmitter 1, 
optical ?ber 2. 4. optical sensor 3. optical receiver 5 and 
DC ampli?er 7 to self-check their malfunctions. 
With the conventional optical measuring apparatus 

thus constructed. there has been a problem that it is 
impossible to self-check malfunctions in such other units 
as the condenser 6, AC ampli?er 8 and divider 9. 

SUMMARY OF THE INVENTION 

The foregoing problem is dissolved in accordance 
with the present invention. The primary object of the 
present invention is to provide an optical measuring 
apparatus which enables a condenser, an AC ampli?er 
and a divider to self-check their malfunctions by super 
imposing an AC current of a frequency higher than a 
frequency of physical quantity which is an object of 
measurement upon a DC for driving an optical transmit 
ter and providing means for monitoring a signal compo 
nent of the same frequency as the AC current which 
was superimposed upon the electric current for driving 
the optical transmitter, in output of a divider which 
calculated a ratio of an AC component to a DC compo 
nent of output of an optical receiver. 
The above and further objects and features of the 

invention will more fully be apparent from the follow 
ing detailed description with accompanying drawings. 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram to illustrate construction of 

a conventional optical measuring apparatus; and 
FIG. 2 is a block diagram to illustrate construction of 

an optical measuring apparatus ofthe present invention. 
i 
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DESCRIPTIO.’\~ OF THE PREFERRED 
EMBODIMENTS 

Now will be described below one embodiment of an 
optical measuring apparatus of the present invention 
with reference to the accompanying drawing. 

FIG. 2 is a block diagram to illustrate construction of 
the optical measuring apparatus of the present inven 
tion. In FIG. 2. reference numeral 1 designates an opti 
cal transmitter. driven by a DC on which is superim 
posed an AC ofa frequency higher than a frequency of 
physical quantity of an object of measurement. supply 
ing light to an optical sensor 3. The optical sensor 3, 
connected via an optical ?ber 2 to the optical transmit 
ter 1. whose optical characteristics were changed ac 
cording to the physical quantity of the object of mea 
surement and modulates intensity of the light supplied 
from the optical transmitter 1. According to Pockels 
effect or Faraday effect. An optical receiver 5 which is 
connected via an optical ?ber 4 to the optical sensor 3 
receives the light from the optical sensor 3 and converts 
this to quantity of electricity. A condenser 6 which is 
connected to the optical receiver 5 removes a DC com 
ponent included in output of the optical receiver 5. A 
DC ampli?er 7 which is connected to the optical re- “ 
ceiver 5 ampli?es the DC component alone included in 
the output of the optical receiver 5. An AC ampli?er 8 
which is connected via the condenser 6 to the optical 
receivu 5 ampli?es output of the condenser 6. A di 
vider 9 which is connected to both of the DC ampli?er 
7 and AC ampli?er 8 divides output ofthe AC ampli?er 
8 by output ofthe DC ampli?er 7. 
The divider 9 is connected to both of a ?rst ?lter 12 

which transmits only a frequency component of the 
superimposed AC current and a second ?lter which 
transmits only a signal component proportional to the 
physical quantity. A ?rst comparator 10 which is con 
nected to the DC ampli?er 7 compares the output ofthe 
DC ampli?er 7 with a speci?ed value. The ?rst compar 
ator 10 is connected to a display unit 11. which display 
units output of the ?rst comparator 10. A second com 
parator 14 which is connected to the ?rst ?lter 12 al 
ways monitors output of the ?rst ?lter 12. and the sec 
ond comparator 14 which is connected to the display 
unit 11 displays an alarm on the display unit 11 whenan 4 
output level of the ?rst ?lter 12 is not below the speci 
?ed values. 

Incidentally. the DC ampli?er 7. AC ampli?er 8 and 
divider 9 form operation means. the ?rst comparator 10 
and display unit 11 form the ?rst monitoring means. and 
the ?rst ?lter 12. second comparator 14 and display unit 
11 form the second monitoring means. 
Now will be described below functional operation of 

one embodiment ofthe present invention shown in FIG. 
2. When light Pc is driven by the optical transmitter 1 
with the DC current which was superimposed by the 
AC current ofa frequency f() higher than a frequency f 
of the physical quantity of the object of measurement, 
the intensity ofthe light Fe is obtained by the following 
formulas: 

Pr = PM! + m0) (6) 

m0: ub-sin-(ln'fol) (7) 

In the formula (6). Pi designates the average intensity 
of emission of the optical transmitter 1. Intensity ofthe 
light Pc which was transmitted from the optical trans 
mitter 1 via the optical ?ber 2 to the optical sensor 3 is 
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4 
modulated according to the physical quantity of the 
object of measurement. And light Pr] whose intensity 
was modulated by the optical sensor 3 is obtained by the 
following formula: 

Pti=‘~Pt‘-(l-m) (b) 

In this formula. k-Pc designates the average intensity 
of the light to be received by the optical receiver 5. 
The light Po whose intensity was modulated by the 

optical sensor 3 is transmitted via the optical ?ber 4 to 
the optical receiver 5 and is converted to an electric 
signal. For output of the optical receiver 5, a DC com 
ponent thereof alone is ampli?ed by the DC ampli?er 7. 
so is an AC component alone by the AC ampli?er 8. 
The ouput Vdc of the DC ampli?er 7 and the output 
Vac of the AC ampli?er 8 are obtained by the respec 
tive following formulas. wherein s1 designates a coef? 
cient given by multiplying a photoelectric conversion 
coef?cient of the optical receiver 5 by an ampli?cation 
rate ofthe DC ampli?er 7. so does S18 coef?cient given 
by multiplying the photoelectric conversion coef?cient 
of the optical receiver 5 by an ampli?cation rate of the 
AC ampli?er 8. 

When the output Vac ofthe AC ampli?er Sis divided 
by the output Vdc of the DC ampli?er 7 in the divider 
9. the value of a signal V0 to be outputted from the 
divider 9 is obtained by the following formula: 

ll 

: 12/8] - (m ~ mi, ~ m ~ m0] 

Accordingly. the signal “depends only on the phys 
ical quantity ofthe object of measurement but does not 
depend on the average intensity k-Pc of the light to be 
received by the optical receiver 5. In the above formula. 

ll 

And signals of four kinds of frequency, f, f0, f0+f, and 
f0~fare included in the output of divider 9 V0. Out of 
those signals, the signal of the frequency f0, that is, 
sg/sl-wo-sin (ZrrfOt) does not depend on the frequency 
or the physical quantity ofthe object of measurement as 
well as has transmitted through the condenser 6, AC 
ampli?er 8 and divider 9. Then, it is possible to self— 
check malfunctions in the condenser 6, AC ampli?er 8 
and divider 9 by taking out only a signal component of 
the frequency f() by the ?rst ?lter 12 and then always 
monitoring this signal component whether to be below 
the speci?ed value or not by the second comparator 14. 
And when any malfunction occurs. that is, the output 
level ofthe ?rst filter 12 is not below the speci?ed value 
of the second comparator 14. the second comparator 14 
allows the display unit 11 to display an alarm. 
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A signal proportional to the physical quantity of the 
object of measurement can be obtained by taking out 
only a signal component of the frequency fby the sec 
ond ?lter 13. 

It is not intended that a malfunction detection circuit 
be limited to the comparator in the above embodiment. 
Other suitable means. such as a microprocessor. may be 
employed. 
As this invention may be embodied in several forms 

without departing‘ from the spirit of essential character 
istics thereof, the present embodiment is therefore illus 
trative and not restrictive. since the scope of the inven 
tion is de?ned by the appended claims rather than by 
the description preceding them. and all changes that fall 
within the metes and bounds of the claims. or equiva 
lence of such metes and bounds thereof are therefore 
intended to be embraced by the claims. 
What is claimed is: 
1. An optical measuring apparatus for measuring a 

physical quantity which has a frequency comprising: 
a light source driven by a direct current (DC) on 
which is superimposed an alternating current (AC) 
of a frequency higher than the frequency of said 
physical quantity. 

an optical sensor which modulates the intensity ofthe _ 
light from said light source according to said physi 
cal quantity. 

an optical receiver which converts said intensity 
modulated light into a quantity of electricity hav 
ing a DC component and an AC component in- _ 
cluding the frequencies of the physical quantity 
and the superimposed AC and outputs the quantity 
of electricity‘. 

operation means for forming a ratio of the AC com 
ponent to the DC component in said output of the 
optical receiver and for outputting a signal repre 
sentative ofthe ratio. wherein said signal comprises 
a component of the same frequency as said super 
imposed AC. 

?rst monitoring means for monitoring the DC com 
ponent of said output of the optical receiver. and 

second monitoring means for monitoring the signal 
component of the same frequency as said superim 
posed AC output from said operation means. 

2. An optical measuring apparatus as set forth in 
claim 1. wherein said ?rst monitoring means comprises 
means for comparing the value ofthe DC component of 
the output from said optical receiver with a speci?c 
value and means for alarming in the case where the DC 
component of the output of said optical receiver is dif 
ferent from the speci?ed value. 

3. An optical measuring apparatus as set forth in 
claim 1. wherein said second monitoring means com 
prises means for comparing the value of the signal com 
ponent of the same frequency as said superimposed AC 
ofthe output from said operation means with a speci?c 
value and means for alarming in the case where the 
monitored signal component is above the speci?ed 
value. 

4. An optical measuring apparatus as set forth in 
claim 1. wherein said first monitoring means comprises 
a comparator circuit. 

5. An optical measuring apparatus as set forth in 
claim 1. wherein said ?rst monitoring means comprises 
a microprocessor. 

6. An optical measuring apparatus as set forth in 
claim 1. wherein said second monitoring means com 
prises a comparator circuit. 
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6 
7. An optical measuring apparatus as set forth in 

claim 1. wherein said second monitoring means com 
prises a microprocessor. “ 

8. An optical measuring apparatus as set forth in 
claim 3 wherein the second monitoring means includes 
a ?lter for removing the signal component of the same 
frequency as said superimposed AC from said signal 
output from the operation means and for providing the 
removed signal to said means for comparing. 

9. An optical measuring apparatus as set forth in 
claim 8. wherein said second monitoring means com 
prises a comparator circuit. 

10. An optical measuring apparatus as set forth in 
claim 8. wherein said second monitoring means com 
prises a microprocessor. 

11. An optical measuring apparatus for measuring a 
physical quantity which has a frequency. comprising: 

a light source driven by a direct current (DC) on 
which is superimposed an alternating current (AC) 
of a frequency higher than the frequency of said 
physical quantity; 

an optical sensor which modulates the intensity ofthe 
light from said light source according to said physi 
cal quantity: 

an optical receiver which converts said intensity 
modulated light into a quantity of electricity hav 
ing a DC component and an AC component in 
cluding the frequencies of the physical quantity 
and the superimposed AC. and outputs the quantity 
of the electricity: 

DC ampli?er means for removing and amplifying the 
DC component of the output of the optical re 
ceiver; 

AC ampli?er means for removing and amplifying the 
AC component of the output of the optical re 
ceiver; 

a divider for forming a ratio of the AC component to 
the DC component of the output of the optical 
receiver and outputting a signal representative of 
the ratio. wherein said signal comprises a compo 
nent of the same frequency as said superimposed 
AC; 

a ?lter receiving the signal from the divider and 
transmitting only the signal component ofthe same 
frequency as the superimposed AC: and 

means for comparing the signal component transmit 
ted by the ?lter with a speci?c value and means for 
alarming in the case where the transmitted compo 
nent is above the speci?ed value. 

12. An optical measuring apparatus as set forth in 
claim 11. wherein said means for comparing comprises 
a comparator circuit. 

13. An optical measuring apparatus as set forth in 
claim 11. wherein said means for comparing comprises 
a microprocessor. 

14. An optical measuring apparatus for measuring a 
physical quantity which has a frequency, comprising: 

a lightsource driven by a direct current (DC) on 
which is superimposed an alternating current (AC) 
of a frequency higher than the frequency of said 
physical quantity; 

an optical sensor which modules the intensity of the 
light from said light source according to said physi 
cal quantity; 

an optical receiver which converts said intensity 
modulated light into a quantity of electricity hav 
ing a DC component and an AC component in 
cluding the‘ frequencies of the physical quantity 
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and the superimposed AC and outputs a quantity of 
electricity; 

operation means for forming a ratio of the AC com 
ponent to the DC component in said output ofthe 
optical receiver and outputting a signal representa‘ 
tive ofthe ratio‘ said signal comprises a component 
of the same frequency of said superimposed AC; 
and 

monitoring means for receiving the signal component 
of the same frequency as the superimposed AC 
from the signal output from the operation means. 
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8 
and for ‘comparing said signal component with a 
speci?c value and for providing an alarm signal 
when the monitored signal component is above the 
speci?ed value. 

15. An optical measuring apparatus as set forth in 
claim 14 wherein said means for receiving the signal 
component of the same frequency as said superimposed 
AC from said signal output from the operation means 
includes a ?lter for transmitting only the signal compo 
nent of the same frequency as the superimposed AC. 

‘ l i i * 


